Background: The aim of this study was to investigate the effect of platelet parameters before concurrent chemoradiotherapy (CCRT) on survival of patients with limited disease small cell lung cancer (LD-SCLC). Methods: This study consisted of patients who received CCRT due to LD-SCLC in the oncology clinic between 1997-2017. Examined platelet parameters included total platelet count (TPC), mean platelet volume, platelet distribution width, and platelet-lymphocyte ratio. The cut-off value for TPC was determined as 306x10 9 /U (sensitivity: 62%, specificity: 75.5%), where patients below or equal to this level was classified as Group I, and those above as Group II. Results:The study included 90 patients whose mean age was 59 years (range: 42-83) and male ratio was 80.0% (n=72 In multivariate analysis, Eastern Cooperative Oncology Group performance score (p=0.003), clinical stage (p<0.001), prophylactic cranial irradiation (p=0.004), and TPC (p=0.031) was determined as the most significant factors affecting survival. Conclusion: Our study suggests association of high baseline levels of TPC to improved survival in patients scheduled to undergo CCRT for LD-SCLC. Considering easiness and universal availability of TPC measurement, potential utilization of this biomarker may be promising to predict survival, albeit requiring validation by further well-designated prospective studies.
Introduction
The most common cause of cancer-related deaths worldwide is the lung cancer. Approximately 1.8 million patients were diagnosed with lung cancer and near 1.6 million lung cancer-related deaths occurred across the globe in 2012 (Siegel et al., 2018) .
Small cell lung cancer (SCLC) accounts for about 15% of all lung cancers. It is clinically different from non-small cell lung cancer (NSCLC) because of its rapid progression and early development of metastases (Gaspar et al., 2005; Silvestri et al., 2013) . Only 5% of all SCLC patients are diagnosed at the limited disease (LD) stage of the disease; the remaining patients get the diagnosis at the extensive disease (ED) stage. Highly greater probability of ED at the time of diagnosis can be attributed to the high degree of aggressive biology, rapid tumor progression, absence of symptoms in the early stage, and lack of well-established screening programs. Chemoradiotherapy (CRT) remains reporting the association of platelet counts and other platelet indices to the presence and progression of cancer are still controversial and suggest the need for clarification (Monreal et al., 1998; Liu et al., 2017; Pedrazzani et al., 2017; Zhang et al., 2019) .
This study aimed to investigate the effect of selected pretreatment platelet indices on survival of patients with LD-SCLC.
Materials and Methods

Patients
This retrospective study included patients who received concurrent chemoradiotherapy (CCRT) due to LD-SCLC in the oncology clinic between 1997-2017. Staging of patients were performed according to findings of pre-treatment fluorodeoxyglucose positron emission tomography (PET-CT), computed tomography (CT), and cranial magnetic resonance imaging (MRI). Tumor size was calculated by measuring the largest tumor diameter in CT. Exclusion criteria were malignancy other than SCLC, or those having ED-SCLC, autoimmune disease, history of aspirin or any immunosuppressive drug use, being under the age of 18, or whose data were not accessible. In our hospital, SCLC staging is performed based on PET-CT and cranial MRI findings, and pre-treatment clinical, pathological, and laboratory data are recorded. Ensuring a 10-12 hours of fasting, samples for blood tests are routinely taken from antecubital vein by establishing mild venous stasis at upper arm in patients who apply to oncology clinic before treatment. Blood samples for biochemical parameters are taken into the anticoagulant-free gel tubes, and those for complete blood counts into ethylenediamine tetraacetate-containing tubes. Complete blood count parameters are examined in hemogram autoanalyser (Mindray, China). Biochemical parameters are tested in autoanalyser (Beckman Coulter, USA) using colorimetric method. Based on Eastern Cooperative Oncology Group performance score (ECOG PS) and comorbidities, patients are treated with concomitant CRT of two cycles with platinum [cisplatin (60-75 mg/m2) or carboplatin (AUC 5)] + etoposide (100 mg/m2 for 1-3 days) at 28-day intervals, followed with two to four cycles of the same chemotherapeutic regimen at 21-day intervals. Radiotherapy is administered as a total of 60 Gy, consisting of 30 fractions as 2 Gy per day.
Data collection: Data on the age, gender, smoking status, ECOG PS, history of superior vena cava syndrome (SVCS), clinical tumor stage, chemotherapy regimen, cycle count, history of prophylactic cranial irradiation (PCI), presence of recurrence/metastasis, and survival status were obtained from medical records. In addition, initial laboratory values immediately after diagnosis were collected: creatinine, aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), gamma glutamyl transferase (GGT), lactate dehydrogenase (LDH), sodium, potassium, calcium, albumin, white blood cell (WBC) count, red blood cell (RBC) count, hemoglobin (Hb), hematocrit (Hct), mean corpuscular volume (MCV), total platelet count (TPC), total neutrophil count (TNC), total lymphocyte count (TLC), and total monocyte count (TMC). Neutrophil-lymphocyte ratio (NLR) was obtained by dividing the TNC by TLC. PLR was obtained by dividing TPC by TLC. Monocyte-lymphocyte ratio (MLR) was obtained by dividing the TMC by TLC. Patients were further stratified by their age as<65 years and ≥65 years. Patients' ECOG PS were grouped as either 0-2 or 3-4. Receiver operating characteristics (ROC) curves were formed for overall survival (OS) using TPC, PDW, and PLR data at diagnosis. The areas under the curve (AUCs) were detected as 0.736 (95% CI 0.629-0.842, p<0.001), 0.580 (95% Cl 0459-0702, p=0.197), and 0.405 (95% Cl 0.283-0,526, p=0.126), respectively. The cut-off value for TPC was determined as 306x10 9 /U with a sensitivity of 62% and a specificity of 75.5% (Figure 1 Descriptive statistics were presented as the mean, standard deviation, minimum, and maximum values for numerical variables. The comparison of the rates between the groups was performed by chi-square analysis. Numerical variable between two independent groups were analyzed with student t-test in case of normal distribution and with Mann Whitney U test if else. Monte Carlo simulation was applied if conditions could not be met. Survival analyses were performed with Kaplan-Meier Analysis. Determinant factors were examined with cox regression. Backward stepwise model was used with parameters having a p-value below 0.100. An overall 5% alpha error level was used to infer statistical significance.
Results
The study included 90 patients whose mean age was 59 years (range: 42-83), and male cases constituted 80.0% (n=72). Twenty patients (22.2%) were ≥65 years old. Most of patients (95.6%) had history of smoking. Thirteen patients (14.4%) had ECOG PS of ≥2. SVCS was present at time of diagnosis in six patients (6.7%). A quarter of patients (25.6%) were at clinical stage I or II. Patients received mostly (91.1%) cisplatin + etoposide protocol, with a mean number of 4.9 cycles overall. PCI was performed in 50 patients (55.6%). During the follow-up, 71 (78.9%) patients had relapse/metastasis and 53 (58.9%) patients had died. There were 54 patients (60.0%) in Group I and 36 patients (40.0%) in Group II. These study groups were found as similar in terms of age, gender, smoking status, ECOG PS, tumor localization, presence of SVCS, clinical stage, chemotherapy regimen, received cycle count, and relapse/metastasis rates (Table 1) .
Group I had significantly higher levels of mean baseline Hb, Hct, and MPV (p=0.004, p=0.005, and p=0.040; respectively) and significantly lower levels of mean baseline WBC, TNC, and PLR (p=0.011, p=0.011, and p<0.001; respectively) compared to those in Group II. All other laboratory values did not significantly differ between these study groups ( .001) with a sensitivity of 62.2% and a specificity of 75.5% (306x103). AUC, the area under the curve, PDW, platelet distribution width, PLR, plateletto-lymphocyte ratio (p<0.001), prophylactic cranial irradiation (p=0.004), and TPC (p=0.031) was determined as the most significant factors affecting survival, (Table 4) .
Discussion
In this study, we investigated the effect of pre-treatment TPC, MPV, PDW, and PLR on survival of LD-SCLC patients managed with CRT. Interestingly, a higher TPC (>306x10 3 ) was associated with improved survival in clinical stages I to III.
SCLC is known to have a more aggressive behavior than does NCSLC. In recent years, mean life expectancy has been improved owing to novel targeted therapy and immunotherapy modalities (Gadgeel et al., 2018; Uemura and Hida, 2018) . However, survival in SCLC has not been much changed despite improvements in treatment options in the last 15 years (Gaspar et al., 2012) . A recent study reported 2 months of improved survival with add-on atezolizumab to chemotherapy in ED-SCLC (Horn et al., 2018) . All these indicate that the need for the development of simple and feasible prognostic factors in SCLC is extremely important.
Inflammatory biomarkers reflect the responses of the host against malignant cells. Lately, there is a growing interest of the host's inflammatory response against the tumor. Several studies have proposed NLR, PLR, and TPC as indicators of inflammatory conditions, and these indicators were described as both prognostic and predictive biomarkers in some cancers (Monreal et al., 1998; Forget et al., 2013; Lee et al., 2013; Pedrazzani et al., 2017; Song et al., 2017; Zhang et al., 2017a) .
Currently, there are many articles discussing the effect of thrombocytosis on survival in NSCLC (Pedersen and Milman, 1996; Aoe et al., 2004; Tomita et al., 2009; Hong et al., 2015; Xie et al., 2015; Hong et al., 2018) . However, there is scarce data on the prognostic importance of pre-treatment of TPC, MPV, PDW, and PLR in SCLC. Previous studies have reported mainly unfavorable or no impact of high platelet counts on survival of patients with NSCLC (Pedersen and Milman, 1996; Aoe et al., 2004; Tomita et al., 2009; Cakar et al., 2011) . Xie et al., (2015) in their study of 383 Chinese LD-SCLC patients reported low Hb, high PLR and NLR to be associated with poor prognosis; and determined important prognostic variables as PLR, age, smoking cessation, radiotherapy, chemotherapy, surgery, and PCI. Zhang et al., (2019) compared patients with high PLR (>152.1) to those with lower levels in their study regarding 286 Chinese LD-SCLC patients, and found Table 2 . Baseline Laboratory Parameters of the Study Population ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALP, alkaline phosphatase; Hb, hemoglobin; Hct, hematocrit; GGT, gamma glutamyl transferase; LDH, lactate dehydrogenase; MCV, mean corpuscular volume; MLR, monocyte-to-lymphocyte ratio; MPV, mean platelet volume; NLR; neutrophil-to-lymphocyte ratio; PDW, platelet distribution width; PLR, platelet-to-lymphocyte ratio; RBC, red blood cell; RDW, red cell distribution width; TLC, total lymphocyte count; TMC, total monocyte count; TNC, total neutrophil count; TPC, total platelet count; WBC, white blood cell. mOS as 19.5 vs. 27.4 months, respectively; and concluded pre-treatment PLR as an independent variable for OS. Bernhardt et al., (2018) performed a study with 350 German LD-SCLC patients managed with CRT, where they reported no effect of NLR, age, Hb, and TPC on survival. The authors stated that multivariate analysis showed PCI, LDH, and CRP as independent factors affecting survival. Suzuki et al., (2019) in their study of 122 LD-SCLC patients who received CRT and followed up between 2002 and 2015, detected that lymphopenia was an independent poor prognostic factor. Liu et al., (2017) determined NLR but not PLR as an independent prognostic factor in their study of 139 Chinese patients (55 LD-SCLC, 83 ED-SCLC). Hong et al., (2015) group had a mOS of 11.8 months (Hong et al., 2015) . Another study by Hong et al., (2018) among the 590 patients with LD-SCLC showed LDH, number of cycles of chemotherapy, and recurrence but not TPC as the independent factors affecting OS. Similarly, Deng et al. performed a study with 320 Chinese patients (122 LD-SCLC and 198 ED-SCLC), where they reported pre-treatment increased LDH and NLR but not PLR as an independent poor prognostic factor (Deng et al., 2017) . In our study, ECOG PS, clinical stage, PCI, and TPC were found to be independent factors affecting survival. All other laboratory parameters including NLR, PLR, MLR, TLC, MPV, and PDW were not associated with OS. The majority of studies about SCLC were performed on Chinese patients, among which treated with CRT had a mOS 11.2 to 27.4 months (Hong et al., 2015; Xie et al., 2015; Deng et al., 2017; Liu et al., 2017; Hong et al., 2018; Zhang et al., 2019) . In our study, mOS was found as 25 months in all patients, including 126 months in stage I or II and 19 months in stage III. We did not measure the impact of ethnicity on our findings. For instance, German patients who received treatment with CRT had a mOS of 48 months (Kasmann et al., 2017) .
Our study has several limitations. Although our study was performed only with LD-SCLC patients that received concomitant CRT with platinum + etoposide, we only included Turkish patients in a single-center setting with retrospective fashion. We cannot fully explain the mechanism of the effect of TPC on patients' prognosis in LD-SCLC. We also do not know the degree of impact of ethnicity on our conclusions. We believe that our results warrant confirmation by studies involving more comprehensive studies with larger sample size.
In conclusion, our study suggests association of elevated TPC before treatment to prognosis in patients who received concomitant CRT with platinum + etoposide due LD-SCLC. Considering easiness and universal availability of TPC measurement, potential utilization of this biomarker may be promising to predict survival, albeit requiring validation by further well-designated prospective studies.
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